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I. Introduction 
. 

In conjunction with studies on commercial dust collectors, this 

laboratory ha6 conducted performance tests on'a Simon Suction Filter 

(Entoleter) furnished by the Safety Car ‘heating and Lighting Company, 

Inc., (Entoloter Division). Arrangements for the loan of this devics 

(originally manufactured in Great Britain) Hero made through the New 

York Oporations Office of tho ].toir,ic Energy Commission. , 

The kntoleter unit is a multicompartment bag collector employing 

cyclic automatic rapping (assisted by back-flow air) to keep bag 

pressure louu =@es xithin a linitod range to insure a nearly constant air 

handling capacity. The collector was intcndod primarily for use in the 

flour milling industry and ha6 a filtration capacity of ten cubic feet 
. 
por minute por square foot of‘cloth. 

l 

Ths purposo of tests conducted by thir laboratory u-ore to determine 

porformancd characteristics of the Entolotor unit on fino aerosols, i.e. 

talc and fly-nsh,2.5 and 16 microns mass modian diamotor rospactively, 

. &en oporcitod at rated capacity (10 cfm/sq.ft.). 

6 Comparicun of test data with that obtcinod from a Horsoy rovorso-jet 
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collootor ostirating with similar aorosals and filtration volocitios permits 
. . 

bcgttor ovnlun'tion of tho efficiency and pressure loss characteristics of 

the Entolotor unit. No dntn has boon published (except preliminary data. 
. 

,in NY0 1566 (3)) on the Entolotor collector with dusts whose sizes aro in 
. . 

tho ranga 1.0 to 20 microns. Tho porformunco of tho reverse-jet filter 

has been discussod in several AEC reports (1,2,3,4) and by &plan (5,6) 

-, and Xason (7). 

I Tha results of Vests on tho Entoloter'collector do not indicate 

performance of cyclicly cleaned multiconpartmont units used industrially 

at usual 10~ filtration velocities (1 to 3 fpm). 

II. . Description and Operation 

A. Entolotor Unit 

Tho Entolster ' unit tested h&s four compartments connected on 

tho bottom to a common inlet hendor end hopper, and on the top by moans 

of individual dampers to G common outlet heador. Each com@rtmont con- 

tains eight sateon v#avo ootton bags six feet long and oight inches-in 

diamotor (100 sq. ft. of cloth). The bags are attached at the bottom to 

a manifold plate and at the top to a frame. The nanifold and frame sro 

conneotod rigidly togothor by rods so that when a section is rapped the 

bags are lifted snd drop?od (about 1 l/2 inchoc) as a unit, thus preventing 

'distortion or collapse of tho,filter tubas; Tho dampers at the top of tho 

unit connact to tho lifting gear so that when a compartment of bags is 

rnppod, primtcry air floe7 to tho fan shuts off and the conipnrtmont venta 
/ 

to ntmos?huro permitting u current of back-flo:v air to assist the rapping 

in dust romoval. 

In normal operation dusty air enters the bottom of all tubes, pnsst;; 

UP the inside, filtorc through the cloth, and loaves the coml>nrtmont , 



through tho'dnmpor sections. During Its 5.2 minute cycle, each section i.6 . 

6imultanoously llftod and droppod in rotation ahj.10 shut off from tho 

' fan and vontod to atnosphoro. The clcnninC; opuration consists of' four 

1 such raps with back-flow air; The compartment is roplacod in soivico by - I 
I 
' shifting tho dampor aU'ioma tically to its opon position. In tho test 

. 
unit tho total air flow to the fan is govcrnod by the numbor of compnrt- 

ments filtering, and the amount of back-flow air entering when orasoction 

. 
is cleaning. . 

B. Hersey Unit 

Tbo rcvorso-jot air filtor consists of a cylinder of wool felt 

. 18 inches in diamotar connected to a top inlet plenum and a bottom hopper. 

Dust dopositc on the inside of‘the cylinder and is bloxn into tho hopper 

by P reverse-air jet from a slotted ring traversing the outside of tho bhg. 

Proc6uro drop through the bag cbnt,rols cleaning action by regulating the 

amount of ring travel. (In many applications tho ring runs~nll of the time). 

Fnbrio velocity varied from 10 to 30 cfm/sq.ft. Previous laboratory data 

reported (3) prossure drops from 1.0 inck;os water gage to 4.5 inches water 
l 

- gag;0 on 1.0 grfiin/cu.ft. of fly-ash to 8.7 grains/cu.ft. of t3:Jc, recpoctively. 

Effluent -loadings v;~ro in the rango low3 to low5 grains/cu.f: e It VdTiL-4 also 

reported that 

'both directly 

. . 

the intensity of ravorse-jot action and filtrr,ll~n velocity 

affect th6 effluent loading. 
. 

III. Porforncnco Dntn 
. . 

It is poss?blo to compare pracsuro loss and ponotratlon chaycctsristics 

of the Entoloter and reverse-jot unit from tests at normal industrial 

opornting cond-itions (Tablo I). Loadings range from 0.1 to 1.0 grain/cu.ft. 

with tale at filtration volocitios of 7'and 8 cfm/sq.f't, and from 1.0 to 

- . 

’ 

. . 
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5.0 p-uins/cu:l’t. with rususponde'd (Cottr;ll preoipitated) fly-ash at 10 

cfm/sq.ft. 

A. Pressure Loss 

In Tablo I, soveral comparisons may bo mado of prossuro loss at 

constant inlet loading and filtration velocity. For exampla, in Tost 1 

tho reverse-jet unit has a resistance of 1.6 inches water gage at 0.10 

grain/'cu.ft. of talc and in Test 2, the Entoletcr unit has a resistance of 

3.3 inches wator guga at the same loading, of the same naterial. The 

ktOlotCr raSiStanCa is double and the aVcrAg0 ratio for all tests is 2.3 

(saio aerosol at constant loadins). Although tho rovorso-Jot unit has a 

wool felt bag which is higher in clean felt rosistanco, cleaning by a 

. . 
TABLE I 

. 
Comparisons of R.esistance and Effluent Loading 

for 
Iiorsey Reverse-jot and Entoletor Bag Collectors 

Test 
p 

..Aerosol Capacity Resistance Loading - gr./cu.ft. Passage 
cfrll/sq.ft. iwg Inlet Outlot % . 

1 Herseyi Talc a 

2 Entolotsr ' 7 
. 

3 IIorsey 11 8 

4 Entolotor 11 7 

5 Eerscy Fly-ash 10 
. 

6 Entolctar (1 '10 '* 

7 Horsoy t, 
10 

1.6 0.10 0.011x10 -3 0.011 

3.3 0.10 1.4 x10-3 1.4 

2.5 1.00 0.27 ~10'~ 0.027 
I 

4.7 1.00 2.1 x1o-3 0.21 

1.3 1.00 0.36 x1o-3 9.036 

3.1 1.00 2.2 x1o'3 0.22 

I.6 5.00 0.80 x10 -3 O.Oi6 

8 Entoleter ' 10 4.6 5.00 4.2 ~10'~ 0.084 
- 

+ 1GOA I:lclw Kin& Opcrrti on, Slot Velocity 2000 fpm talc, 
4200 fpn fly-cch. 

. . 
. . . . .; ‘* 
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. 
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., rovurso-jot.of air roSultS in n, lowor opornting rosistunco. The cotton 
. 

! . 
satoon usod in the Entolotor unit doos not got the SQXO cicgroo of cleaning, 

Tho reverse flov; air in tho Entoloter amounts to a maximum of 300 cfm 

dictributoci over 100 square feet of cloth, or an overage raverse air velocity 

of 3 fpin. It should bo noted that tho primary function of tho reverse cir 

in th!s dovico is to remove the suspendod dust dislodged by rapping the 

bags and to prevent dust leakuge to the clean air 6ide of the unit. Tho 

roverse-jot oporntes in the rang0 of 2000 to 4000 fpm ovor 'a very small 

area at any given time, but travels constantly over the whole filter surface. 

If the Entoletcr collector were operated at 3 cfm/sg.ft. as in usual 

bag filters, instead of 7 or 10, the resistance would be 2 to 3 times loc-er. . 

For a given exhaust air volume this would require more collector area, but 

it would not roouiro cleaning the bags as frequently to maintain a specified 

, 

.rosistnnco. \ . 4 

In evaluating these collectors (both at maximum cleaning capacity) it 
, 

may be noted that the reverse jet resistances are based on 100 Fercent bloTI 

ring operation. The Entoleter cleaning mec\:anism, hoxover, operates only 
/ 

.40 minutes per section in 5.2 minutes total cycle 'and corresponds to 30 

. ( 
4 x .40 percent -5. x lOD!oparstion. 

I 
From X!O 1506, p. 26, Fig. 8, it is 

. . 
possible to estimate tho additional reu- r;stance that would be reo,uirod to 

operate the reverse-jot cleaning mechanism at 30 percent.., This increase 

l 

will be 25 percent if the 100 percent blow ring o?cration resistance is 

5.0 inches P.-ater gage. ,Xith lower resistances as i.ndicAted in Tests 1, 3, , 

5, and 7 th6 incrccse is probably highor (up to as much as 50 to 75 porCGnt 

c 
for 10~1 rocistances of 1.5 to 2.0 'inches water gage). This will not cause 

tho rovcrso-jot rosistanco to exceoci thctt; of the Entoloter, but will put 

' thorn much closer togother. 
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All.rosistancos are oxprossod ~\s averages, Somo indicntions of tho 

range associnted with the nvoraga aro included below. In test numbor 8 

the Entolctcr resistance is listed nt 4.6 inches water gage. The avornge 

r.osistrlnco or prossuro drops across the four sections viare rospactivaly 
. 

-4.2, 4.4, 4.7 and 5.0 inches water gage. Just bofore shaking Unit IV 

(highest) the value was 5.3; immediately aftor shaking the vcluo droppod 

to 4.8 inches water gage. The avorsgo listad.is the averago of the four 

units (at equilibrium), each unit at its average operating resistance. In 
/ 

tast number 7 the revarsa-jet resistance is listed as 1.6 inches water 

gnFY* The variation in resistance during one cycle of the blow ring is 
'..-_-- 

from 1.6 (dovrnstroka) to 1.7 inches water gage (upstroko). . 

B. Penetration 

The amount of dust leaving the collector per unit air volume is 

also seen to be lower in the roversa-jot collector. The Entoleter (Test 1) 
I 

effluent loading at .lO g,rain/cu. ft. inlet loading of talc,is seen to be 

1.4 grfiins/lOOO cu. ft. of air, comperad to 0.011 grains/1000 cu. ft. for 
\ 

the reverse-, "at (Test 2) nt the same inlet loading. The affluont loading 
. 

from the Entolater is 130 timas'highar. In tests 7'and 8 (5.0 grains/cu. ft. 

fly-ash) the Entoleter is only 5 times. higher in effluent. On the basis of 

all the tasts shown the Entolator effluent axcaeds the Earsoy by a factor 

of greater than 5 H-bon the inlet londing is lass than 5.0 grains/cu. ft. ' 

At an nverege industrial loading of 1.0 grnin/cu, ft. the factor is about 

.7 for both test dusts. . 
. 

. 
I . 

In filtration through porous materials tha depositod surface dust cake 

is the principal filtering mochunism (8). In the reverse-jet unit this chka 

is dislodged at only a small txroa and tho incoxing duct can re-deposit 

irxnoc!iLtoly in this more porous aron. (Somo question oxictc as to ho-x much 

! 
. 

. 

. . . 
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of tho dnpositod cnko is romovod). Nit!) tho roelorol pf large amounts of . 
. 

the surfnc~ cnko in tho Entolotor unit moro time is roquirod to create a 

layor over the larger cleaned area and penetration is highor. This would 

bo particularly truo undor light loading conditions when insufficient 

material ontors to "bridi;o" tho spaces betwaon fibers. Wth larger aerosol 

.x 
particles 050 - 60 II) tho differoncos botwaon theso colloctors may becoxx 

less marked. 

c. Evaluation of Difforont I)ag X7aterials in tlta Entol-eter C'nit 

As oxplainod above in Section II, the Entoloter unit shakes the 

filter bags without appreciable distortion in coyjunction vrlth 100 to 300 

cfm.of baclc flow air, so that it is possi ble to use bags of materials othor . 
. 

than cotton sateon with loxor tensilestrongth, higher heat resistance, etc. 

The following table gives comparative data for cotton sateon, wool felt 

(light and heavy), Orlon (woven) tnd glass (woven, lubricated with silicona). 

These are compared for light loadings of atmospheric dust (0.5 p) and copper 

. * 

sulfate (1 p) without shaking, to get basic performance data. They are tien 

compared with talc and rssuspendod fly-ash at an average loading of 1.0 . 

grrdn per cubic foot to get an indication of actual*industrial performance 
on 

while cleaning/the standard cycle. 

The approximate order of those fabrics for light loadings with no 

shaking, from highest efficiency is: glass, heavy wool, cotton, @ion, a;d 

light wool. It can be soon thct the higher officioncies are associated xith 

higher resistances. Tho use of 'heavy load3.ngs changes the order slightly, 
. 

from loxort penotrationr glass, hoavy wool, light wool, cotton anti Oflon. 

A considorntion of the trnoothnoss *of fiber, and weave (or felt) poro size, 

will tend to confirm tho second list above, ainco tho dogrco of dopositod 
', 

oaks filtration doponds on tho character of tho nod3um upon which tho cake 

. 

I’ . 

. . ‘L . _ I. . 

. . 
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. 
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r;r TA3LE.11 

Comparisons of Efficiency of Filter ?&dia 

A. Atxosphcric Dust at 10 cfln/sq.ft. 

Fabric Avertigo .Inlot Ye ight 
Resistsncs Loadjng Efficiency 

. 
=w, gr/cu.ft. . % 

Light Yfool 0.07 0.10x10-3 75 
Orion 0.10 0.13x10-3 60 
Cotton 0.29 0.15x10-3 81 
pcvy Vfool - 0.34 0.22~10-3 85 
Glass 0.56 0.058x10-3 &2 

Light 'No01 
Orion 

., Cotton 
Heavy Kool 

Class 

Light 'do01 
Orion 
Cottcn 
Iieavy X001 
Glass 

B. c0pp.3 sumte at io chJ+ft. 
o.89x1o-3 41 
O.8lxlO'3 46 

_ 1.0 x10-3 64 
1.0 x10-3 71 
0.90x10-3 81 

d. Taic it 5 cfm/sq.ft. 

' Passago 
% 

5.@ 1.0 0.074 
5.5 ,1 0.033 
5.5 n . 0.099 
5.6 11 * 0.034 
5.9 n 0.0063 

Light moo1 
Orlon 
Cotton 
Iieovy ?;Gol 
Gless' 

D. Fly-ash t;t 10 cfn/sq.ft. 
2.6 1.0 0.026 

. 2.4 II 0.56 
3.0 11 . 0.14 
2.7 n 0.030 
4.7 11 0.012 

. ’ 

. .” ,. ” . . . -,,I 

. 

, 

. - __..,._” .- .--;. - .._. ~ .l_..- __.. 



. 

. . 

TARLE III 

Fabric Comparisons 
. with 

200 g;r./sq.ft. of Asbestos Floats, at 10 cfm/sq.ft. 

&ntorial Initial Finn1 

Resistance Rcsistnnco 
iwg iwg 

Passago 

% 

Orlon 0.16 0.95 . 1.4 

cotton 0.36 1.4' 1.1 

Heavy Wool : 0.36 0.90 0.72 

Glass 0.81 2.2' 0.40 . 

1 is deposited, as indicated above (6) as wall as the cake itself; 
4 . . 

AS stated before (NY0 1586, pT 47) the use of the above fabrics for 

low loadings ((0.001 gr./cu.ft.) of radioactive particuletos would require , 

many hundreds of hours of operation before filter efficiency increased to 

90 percent or greater. Therefore, the above bags have been treated with 
. 

asbastos floats as a filter aid and the effi,ciency again compared on copper ' 
. 

sulfate. These data are given in Table III for a total of 200 grains of 

asbestos per square foot of filter surface. The bags were no-t shaken 

during the testing. The same order of rating of fabric is obtained as 

was found in Table I1 for the basic efficiency on copper sulfate. (Tha 

final resistance is not a direct measure of performance). 

The use of asbestos "floats" and glass or Orion bags can substanticlly 

_ incrouso the o?et-nting tompcratxo limit for filtration of light aerosol 

loadings in the Entoloter collector. 
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IV. Conclusion3 , 
. . 

. A comparison of tho Entolotor collector with t-ho roverso-jot filtor 

at equal filtration volocitios, duct londit$s nnd with maximum clonning 

' .capacity shows (Table I) that Entolotor ponotrntion and rosistanco are 
! 

. on the average of 7.1 and 2.3 timos hi&or, rospoctivoly. Thooo data aro 

basod upon "standard" fabrios supplied for each unit; cotto f,or tho 

Entolotor and wool felt for tho rovorse-jot unit. 
. 

With wool felt in both collectors , ponotrations ard found to bo 

about oqunl for each aorosol tested. , RCJSiEtanceS of tho Entoloter, howoor, 
. 

tar0 found to be twice cs high with fly-ash and 3.5 times higher with talc, 

a6 those of tho rovsrso-jot filter. 

Tho wool felt is concluded to be a bette,r filter fabric than cotto 

sateen, nt the same filtration velocity and the reverse-jet is found to bo 

a superior method of cleaning kool felt. 

Tho Entolotor unit offers tho possibility of R wide choice of filter 

fabrics for speoial applications, chiefly synthatio fibers for corrosive 
. * 

problems, and gla66 fiber6 for higher tomporature applications, subject to 

c field r;oruioo life tects not possibla to aaaomplish in the laboratory. 
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